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OBIJECTIVES

¢ Define the terms normally used to describe electricity. ¢ Use Ohm’s law to determine voltage, current,
and resistance. ¢ List the basic types of electrical circuits. ¢ Describe the differences between a series
and a parallel circuit. ¢ Name the various electrical components and their uses in electrical circuits.
@ Describe the different kinds of automotive wiring. ¢ Read electrical automotive diagrams. ¢ Describe
how each of the major types of electrical test equipment are connected and interpreted. ¢ Perform trou-
bleshooting procedures using meters, testlights, and jumper wires. ¢ Explain the principles of magnetism

and electromagnetism.

Understanding electrical components and their oper-
ation is absolutely essential to properly servicing
today’s cars and trucks. Although some electrical
basics were presented in an earlier chapter, these will
be repeated and expanded upon. Repeating some of
these facts emphasizes the importance of this knowl-
edge.

BASICS OF ELECTRICITY

Perhaps the one reason why some people find it dif-
ficult to understand electricity is that they cannot
see it. By actually knowing what it is and what it is
not, you can easily understand it. Electricity is not
magic! It is something that takes place or can take
place in everything you know. It not only provides
power for lights, TVs, stereos, and refrigerators, it
is also the basis for the communications between
our brain and the rest of our bodies. Although elec-
tricity cannot be seen, the effects of it can be seen,
felt, heard, and smelled. One of the most common
displays of electricity is a lightning bolt. Lightning
is electricity, a large amount of electricity. The power
of lightning is incredible. Using the power from
much smaller amounts of electricity to perform
some work is the basis for an automobile’s electri-
cal system. Electricity cannot be seen because it
results from the movement of extremely small
objects that move 4t the speed of light (669,600,000
miles per hour).

Flow of Electricity )
All things are made up of atoms (Figure 14-1),
which are extremely small particles. In the center of
every atom is a nucleus. The nucleus contains posi-
tively charged particles called protons and particles
called neutrons that have no charge. Negatively
charged particles called electrons orbit around every
nucleus. The electrons stay in orbit around the nucle-
us because they are naturally attracted to the pro-
tons. Every type of atom has a different number of
protons and electrons, but the number of protons
and electrons in each atom is equal. Therefore, the
total electrical charge of an atom is zero, or neutral.
Electricity is the flow of electrons from one atom
to another (Figure 14-2). The release of energy as
one electron leaves the orbit of one atom and jumps
into the orbit of another is electrical energy. The key

Proton

Neutron

FIGURE 14-1 Basic structure of an atom.
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Conductor

to creating electricity is to provide a reason for the
electrons to move to another atom.

There is a natural attraction of electrons to pro-
tons. Electrons have a negative charge and are
attracted to something with a positive charge. When
an electron leaves the orbit of an atom, the atom then
has a positive charge. An electron moves from one
atom to another because the atom next to it appears
to be more positive than the one it is orbiting around.

An electrical power source provides for a more
positive charge and to allow for a continuous flow of
electricity, it supplies free electrons. To have a contin-
uous flow of electricity, three things must be present:
an excess of electrons in one place, a lack of electrons
‘n another place, and a path between the two places.

Two power or energy sources are used in an auto-
mobile’s electrical system. These are based on a
chemical reaction and magnetism. A car’s battery is a
source of chemical energy. A chemical reaction in the
battery provides for an excess of electrons and a lack
of electrons in another place. Batteries have two ter-
minals, a positive and a negative. Basically, the nega-
~ tive terminal is the outlet for the electrons and the
positive terminal is the inlet for the electrons to get
to the protons. The chemical reaction in a battery
causes a lack of electrons at the positive (+) terminal
and an excess at the negative (-) terminal. This cre-
ates an electrical imbalance, causing the electrons to
flow through the path provided by a wire.

The chemical process in the battery continues to
provide electrons until the chemicals become weak.
At that time, either the battery has run out of elec-
trons or all the protons are matched with an electron.
When this happens, there is no longer a reason for the
electrons to want to move to the positive side of the
battery. To the electrons, it no longer looks more posi-
tive. Fortunately, the vehicle’s charging system
restores the battery’s supply of electrons. This allows

he chemical reaction in the battery to continue indef-
initely. In an electrical diagram, a battery is drawn as
shown in Figure 14-3.

Electricity and magnetism are interrelated. One

can be used to produce the other. Moving a wire (a

FIGURE 14-3 Symbol for a battery.

conductor) through an already existing magnetic field
(such as a permanent magnet) can produce electricity.
This process of producing electricity through magnet-
ism is called induction. In a generator, a coil of wire is
moved through a magnetic field. In an alternator, a
magnetic field is moved through a coil of wire. In
both cases, electricity is produced. The amount of
electricity produced depends on a number of factors,
including the strength of the magnetic field, the num-
ber of wires that pass through the field, and the speed
at which the wire moves through the magnetic field.

ELECTRICAL TERMS

Electrical current describes the movement or flow of
electricity. The greater the number of electrons flow-
ing past a given point in a given amount of time, the
more current the circuit has. The unit for measuring
electrical current is the ampere, usually called an
amp. The instrument used to measure electrical cur-
rent flow in a circuit is called an ammeter.

In the flow of electricity, millions of electrons are
moving past any given point at the speed of light. The
electrical charge of any one electron is extremely
small. It takes millions of electrons to make a charge
that can be measured. For these reasons, 1 ampere of
current means that 6.28 billion billion electrons are
flowing past a given point in 1 second.

There are two types of current: direct current
(DC) and alternating current (AC). In direct current,
the electrons flow in one direction only. In alternating
current, the electrons change direction at a fixed rate.
Typically, an automobile uses DC while the current in
homes and buildings is AC. Some components of the
automobile generate or use AC. These will be dis-
cussed in later chapters.

Although there are many theories about current
and the direction in which it flows, it is correct to
base your understanding on current flowing from a
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/ FIGURE 14-4 Current
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FIGURE 14-5 Common symbol for an ohm.

point of positive voltage to a point of less positive, or
negative, voltage (Figure 14-4).

Voltage is electrical pressure. It is the force devel-
oped by the attraction of the electrons to protons.
The more positive one side of the circuit is, the more
voltage is present in the circuit. Voltage does not
flow; it is the pressure that causes current flow. To
have current flow, some force is needed to move the
electrons between atoms. This force is the pressure
that exists between a positive and negative point
within an electrical circuit. This force, also called
electromotive force (EMF), is measured in units
called volts. One volt is the amount of pressure
required to move 1 ampere of current through a
resistance of 1 ohm. Voltage is measured by an
instrument called a voltmeter.

When any substance flows, it meets resistance.
The resistance to electrical flow can be measured.
The resistance to current flow produces heat. This
heat can be measured to determine the amount of
resistance. A unit of measured resistance is called an
ohm. The common symbol for an ohm is shown in
Figure 14-5. Resistance can be measured by an
instrument called an ohmmeter. Differing amounts of
resistance are measured by changing scales (such as x
1, x 10, x 100) on the ohmmeter.

Circuit Terminology
An electrical circuit is considered complete when
there is a path that connects the positive and negative
terminals of the electrical power source. A completed
circuit is called a closed circuit, whereas an incom-
plete circuit is called an open circuit. When a circuit
is complete, it is said to have continuity. Conductors
are drawn in electrical diagrams as a line connecting
two points, as shown in Figure 14-6.

Most automotive electrical circuits use the chas-
sis as the path from the negative side of the battery.

A B

o—@
CLOSED ' FIGURE 14-6 Conductors

are drawn as lines from one
point to another.

A B
*—— —@ OPEN

FIGURE 14-7 Symbols for
grounds: (A) made through the com-
ponent’'s mounting; (B) made by a
remote wire.

L

Electrical components have a lead that connects
them to the chassis. These are called the chassis
ground connections. These connections can be made
through a wire or through the mounting of the com-
ponent. Chassis ground connections are drawn to
show which type of connection is normal for that
part (Figure 14-7). When the ground is made
through the mounting of the component, the connec-
tion is represented with the drawing A. When the
ground is made by a wire that connects to the chas-
sis, the connection is shown as B.

In a complete circuit, the flow of electricity can
be controlled and applied to do useful work, such as
light a headlamp or turn over a starter motor. Com-
ponents that use electrical power put a load on the
circuit and consume electrical energy. These compo-
nents are often referred to as electrical loads. Loads
are drawn in electrical diagrams as a symbol repre-
senting the part or as a resistor. The typical drawing
of a resistor is shown in Figure 14-8.

The amount of current that flows in a circuit is
determined by the resistance in that circuit. As resis-
tance goes up, the current goes down. The total resis-
tance in a circuit determines how much current will
flow through the circuit. The energy used by a load is
measured in volts. Amperage stays constant in a cir-
cuit but the voltage is dropped as it powers a load.
Measuring voltage drop tells how much energy is
being consumed by the load.

Ohm's Law

Hundreds of years ago, a scientist studied electricity
and the interrelationship of the key elements of elec-
tricity. He found it takes one volt of electrical pres-
sure to push one ampere of electrical current through
one ohm of resistance. This statement is the basic
law of electricity. It is known as Ohm’s law.

A simple electrical circuit is a load connected to a
voltage source by conductors. The resistor could be a
fog light, the voltage source could be a battery, and
the conductor could be a copper wire (Figure 14-9).

In any electrical circuit, current (I), resistance
(R), and voltage (E) work together in a mathematical
relationship. This relationship is expressed in a math-
ematical statement of Ohm’s law. Ohm’s law can be
applied to the entire circuit or to any part of a circuit.

FIGURE 14-8 Symbol for a
resistor.
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FIGURE 14-9 A simple circuit consists of a voltage
source, conductors, and a resistance or load.

When any two factors are known, the third factor
can be found by using Ohm’s law. Using the circle
shown in Figure 14-10, you can easily find the for-
mula for calculating the unknown element. By cover-
ing the element you need to find, the necessary for-
mula is shown in the circle.

To find voltage, cover the E (Figure 14-11). The
voltage (E) in a circuit is equal to the current (I) in
amperes multiplied by the resistance (R) in ohms.

To find current, cover the I (Figure 14-12). The
current (amperage) in a circuit equals the voltage
divided by the resistance (in ohms).

FIGURE 14-10 Ohm’s law.

LISB

FIGURE 14-11 To find voltage, cover
the E and use the exposed formula.

FIGURE 14-12 To find current,
cover the / and use the exposed
formula.

FIGURE 14-13 To find resistance,
cover the R and use the exposed
formula.

' Bhot

To find resistance, cover the R (Figure 14-13).
The resistance of a circuit (in ohms) equals the volt-
age divided by the current (in amperes).

It is very important for technicians to understand
Ohm’s law. It explains how an increase or decrease in
voltage, resistance, or current will affect a circuit.

For example, if the fog light in Figure 14-9 has a
6-ohm resistance, how many amperes does it use to
operate? Since cars and light trucks have a 12-volt
battery and you know two of the factors in the fog
light circuit, it is simple to solve for the third.

[ (unknown) = E (12 volts)

R (6 ohms)
12
| = =
6
I = 2 amperes

In a clean, well-wired circuit, the fog lights will
draw 2 amperes of current. What would happen if
resistance in the circuit increases due to corroded or
damaged wire or connections? If the corroded con-
nections add 2 ohms of resistance to the fog light cir-
cuit, the total resistance is 8 ohms (Figure 14-14).
The amount of current flowing through the circuit
for the lights decreases.

1212

6+2 8
I =1.5 amperes

If the lights are designed to operate at 2 amperes, this
decrease to 1.5 amperes will cause them to burn
dimly. Cleaning the corrosion away or installing new
wires and connectors will eliminate the unwanted
resistance; the correct amount of current will flow
through the circuit, allowing the lamp to burn as
brightly as it should.

Power

Electrical power, or the rate of work, is found by mul-
tiplying the amount of electrical pressure by the
amount of current flow (power = voltage x amper-
age). Power is measured in watts. Although power

160

FIGURE 14-14 This is the same circuit as Figure 14-9,
but this one has a corroded wire, represented by the addition-
al resistor.
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FIGURE 14-15 Electrical power is calculated by multiply-
ing voltage by current.

measurements are rarely, if ever, needed in automo-
tive service, knowing the power requirements of light
bulbs, electric motors, and other components is some-
times useful when troubleshooting electrical systems.
Another useful formula is one used to find the
power of an electrical circuit expressed in watts.

P=E X1

That is, power (P) in watts equals the voltage (E)
multiplied by the current (I) in amperes (Figure
14-15). This is known as Watt’s law. Looking back at
the example of the fog light circuit, we can calculate
the amount of power used or heat generated by the
fog light.

P =12 volts x 2 amperes
P = 24 watts

The normal fog light generates 24 watts of power,
while the corroded fog light circuit produces the fol-
lowing.

P =12 volts x 1.5 amperes
P = 18 watts

This reduction in power or heat explains the decrease
in bulb brightness.

CONDUCTORS AND INSULATORS

Controlling and routing the flow of electricity requires
the use of materials known as conductors and insula-
tors. Conductors are materials with a low resistance
to the flow of current. If the number of electrons in
the outer shell or ring of an atom is less than four, the
force holding them in place is weak. The voltage
needed to move these electrons and create current
flow is relatively small. Most metals, such as copper,
silver, and aluminum are excellent conductors.

When the number of electrons in the outer ring
are greater than four, the force holding them in orbit
is very strong and very high voltages are needed to
move them. These materials are known as insulators.
They resist the flow of current. Thermal plastics are
the most common electrical insulators used today.
They can resist heat, moisture, and corrosion without
breaking down.

CAUTION:

Your body is a good conductor of electrici-

~4 ty. Remember this when working on a
vehicle’s electrical system. Always observe all
electrical safety rules. |

Wire insulation should always be in good condi-
tion. Broken, frayed, or damaged insulation that
exposes live wires can allow current to flow to
unwanted places. These conditions can also create a
safety hazard. Replace all wires that have damaged
insulation.

Copper wire is by far the most popular conductor
used in automotive electrical systems. Wire wound
inside electrical units, such as ignition coils and gen-
erators, usually has a very thin baked-on insulating
coating. External wiring often is covered with a plas-
tic-type insulating material that is highly resistant to
environmental factors like heat, vibration, and mois-
ture. Where flexibility is required, the copper wire
will be made of a large number of very small strands
of wire woven together.

The resistance of a uniform, circular copper wire
depends on the length of the wire, the diameter of
the wire, and the temperature of the wire. If the
length is doubled, the resistance between the wire
ends is doubled. The longer the wire, the greater the
resistance. If the diameter of a wire is doubled, the
resistance for any given length is cut in half. The larg-
er the wire’s diameter, the lower the resistance.

In any circuit, the smallest wire that will not cause
excessive voltage drop is used to minimize cost.

The other important factor affecting the resis-
tance of a copper wire is temperature. As the temper-
ature increases, the resistance increases. The effects
of temperature are very important in the design of
electrical equipment. Excessive resistance caused by
normal temperature increases can hurt the perfor-
mance of the equipment.

Heat is developed in any wire carrying current
because of the resistance in the wire. If the heat
becomes excessive, the insulation will be damaged.
Resistance occurs when electrons collide as current
flows through the conductor. These collisions cause
friction, which in turn generates heat.

Circuits

A complete electrical circuit exists when electrons
flow along a path between two points. In a complete
circuit, resistance must be low enough to allow the
available voltage to push electrons between the two
points. Most automotive circuits contain four basic
parts.
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1. Power sources, such as a battery or alternator that

provides the energy needed to cause electron flow.

Conductors, such as copper wires that provide a

path for current flow.

3. Loads, which are devices that use electricity to
perform work, such as light bulbs, electric motors,
Or resistors.

4. Controllers, such as switches or relays that con-
trol or direct the flow of electrons.

~

There are also three basic types of circuits used in
automotive electrical systems. They are series cir-
cuits, parallel circuits, and series-parallel circuits.
Each circuit type has its own characteristics regard-
ing amperage, voltage, and resistance.

Series Circuits A series circuit consists of one or
more resistors connected to a voltage source with
only one path for electron flow. For example, a sim-
ple series circuit consists of a resistor (2 ohms in this
example) connected to a 12-volt battery (Figure
14-16A). The current can be determined by applying
Ohm’s law.

Another series circuit may contain a 2-ohm resis-
or and a 4-ohm resistor connected to a 12-volt bat-
tery (Figure 14-16B). The word series is given to a
circuit in which the same amount of current is pre-
sent throughout the circuit. The current that flows
through one resistor also flows through other resis-
tors in the circuit. As that amount of current leaves
the battery, it flows through the conductor to the first
resistor. At the resistor, some electrical energy or
voltage is consumed as the current flows through it.
The decreased amount of voltage is then applied to
the next resistor as current flows to it. By the time
the current is flowing in the conductor leading back
to the battery, all voltage has been consumed. All of
the source voltage available to the circuit is dropped
by the resistors in the circuit.

A

= 12V 2Q

6A—>

2Q

=12V FIGURE 14-16 Ina
series circuit, the same
A ,4AQA A amount of current flows

2A —» through the entire circuit.

In a series circuit, the total amount of resistance
in the circuit is equal to the sum of all the individual
resistors. In the circuit in Figure 14-16B, the total
circuit resistance is 4 + 2 = 6 ohms. Based on Ohm’s
law, current is I = E/R = 12/6 = 2 amperes. In a
series circuit, current is constant throughout the cir-
cuit. Therefore, 2 amps of current flows through the
conductors and both resistors.

Ohm’s law can be used to determine the voltage
drop across parts of the circuit. For the 2-ohm resis-
tor, E = IR = 2 x 2 = 4 volts. For the 4-ohm resistor,
E = 2 x 4 = 8 volts. These values are called voltage
drops. The sum of all voltage drops in a series circuit
must equal the source voltage, or 4 + 8 = 12 volts.

An ammeter connected anywhere in this circuit
will read 2 amperes, and a voltmeter connected
across each of the resistors will read 4 volts and 8
volts, as shown in Figure 14-17.

All calculations for a series circuit work in the
same way no matter how many resistors there are in
series. Consider the circuit in Figure 14-18. This cir-
cuit has four resistors in series with each other. The
total resistance is 12 ohms (5 ohms + 2 ohms + 4
ohms + 1 ohm). Using Ohm’s law, we can see that
the circuit current is 1 amp (I = E/R = 12/12 =1
amp). We can also use Ohm’s law to determine the
voltage drop across each resistor in the circuit. For
example, since the circuit current is 1 amp, 4 volts

® |2 AMPs
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j X © |4v
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FIGURE 14-17 Measuring the current and voltage drops
in the circuit.
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FIGURE 14-18 Values in the series circuit.
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are dropped by the 4-ohm resistor (E=1x R =1
amp X 4 ohms = 4 volts).

A series circuit is characterized by the following
three facts.

1. The circuit’s current is determined by the total
amount of resistance in the circuit; it is constant
throughout the circuit.

2. The voltage drops across each resistor are differ-
ent if the resistance values are different.

3. The sum of the voltage drops equals the source
voltage.

Parallel Circuits A parallel circuit provides two or
more different paths for the current to flow through.
Each path has separate resistors (loads) and can
operate independently of the other paths. The differ-
ent paths for current flow are commonly called the
legs of a parallel circuit.

A parallel circuit is characterized by the follow-
ing facts.

1. Total circuit resistance is always lower than the
resistance of the leg with the lowest total resis-
tance.

2. The current through each leg will be different if
the resistance values are different.

3. The sum of the current on each leg equals the
total circuit current.

4. The voltage applied to each leg of the circuit will
be dropped across the legs if there are no loads in
series with the parallel circuit.

Consider the circuit shown in Figure 14-19. Two
3-ohm resistors are connected to a 12-volt battery.
The resistors are in parallel with each other, since the
battery voltage (12 volts) is applied to each resistor
and they have a common negative lead. The current
through each resistor or leg, can be determined by
applying Ohm’s law. For the 3-ohm resistors, I = E/R
= 12/3 = 4 amperes. Therefore, the total circuit cur-
rent supplied by the battery is 4 + 4 = 8 amperes.
Using Ohm’s law, we find that 12 volts are dropped
by both resistors (Figure 14-20).

<« 8A

12V = 39§ 30

4 A4 4 A4

8A —
FIGURE 14—19 Simple parallel circuit.

g 1
12v= \'@’ 12v ~.®, 12V

FIGURE 14-20 Parallel circuit with voltage drops shown.

Resistances are not added up to calculate the
total resistance in a parallel circuit. Rather, they can
be determined by dividing the product of their ohm
value by the sum of their ohm values. This formula
works when the circuit has two parallel legs.

3 ohms x 3 ohms _2_1 5 ohms
3ohms+3ohms 6

Total resistance can also be calculated by using
Ohm’s law if you know the total circuit current and
the voltage (R = E/I = 12/8 = 1.5 ohms).

Consider another parallel circuit, Figure 14-21. In
this circuit there are two legs and four resistors. Each
leg has two resistors in series. One leg has a 4-ohm
and a 2-ohm resistor. The total resistance on that leg
is 6 ohms. The other leg has a 1-ohm and a 2-ohm
resistor. The total resistance of that leg is 3 ohms.
Therefore, we have 6 ohms in parallel with 3 ohms.

Current flow through the circuit can be calculat-
ed by different methods. Using Ohm’s law, we know
that I = E/R. If we take the total resistance of each
leg and divide it into the voltage, we then know the
current through that leg. Since total circuit current is
equal to the sum of the current flows through each
leg, we simply add the current across each leg togeth-
er. This will give us total circuit current.

Leg #1: 1 =E/R = 12/6 = 2 amps
Leg #2:1 = E/R = 12/3 = 4 amps
2 amps + 4 amps = 6 amps = total circuit current

Circuit current can also be determined by finding
the total resistance of the circuit. To do this, the
product-over-sum formula is used. By dividing this
total into the voltage, total circuit current is known.

12V

{1]#

FIGURE 14-21 Series circuits within a parallel circuit.
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Leg#1xLeg#2 6x3 18

e = —= 2 ohms
Leg#1+Leg#2 6+3 9

since I = E/R, I = 12/2, 1 = 2 amps (total circuit cur-
rent)

When a circuit has more than two legs, the recip-
rocal formula should be used to determine total cir-
cuit resistance. The formula follows.

1

LI 0 - S

Ri R, Ry R,

To demonstrate how to use this formula, consider
the circuit in Figure 14-22. Here is a parallel circuit
with four legs. The resistances across each leg are 4
ohms, 3 ohms, 6 ohms, and 4 ohms. Using the recip-
rocal formula, we will find that the total resistance of
the circuit is 1 ohm. (Note that the total resistance is
lower than the leg with the lowest resistance.)

1 —
1 1.8 1
— =t =+
4 3 6 4

1 1.1,
3 4 2 3 12 1
—of e i

12 712 12 12 12

The total of this circuit could also have been
found by calculating the current across each leg then
adding them together to get the total circuit current.
Using Ohm’s law, if you divide the voltage by the
total circuit current, you will get total resistance.

Leg#1:1 = E/R =12/4 = 3 amps
Leg #2: 1 = E/R = 12/3 =4 amps
Leg #3:1 = E/R = 12/6 = 2 amps
Leg#4:1 = E/R =12/4 = 3 amps
Total circuit current =3+ 4 + 2 + 3 = 12 amps

then,

R=E/1=12/12 =1 ohm

Series-Parallel Circuits In a series-parallel circuit,
both series and parallel combinations exist in the
same circuit.

40 3Q Q 40Q
2V E

L

3At| 4At| 2At|] 3A%

12A—>
FIGURE 14-22 Parallel circuit with four legs.

<« 3A
+ T 1A 2A
3A —
FIGURE 14-23 In a series-parallel circuit, the sum of the

currents through the legs must equal the current through the
series part of the circuit.

A series-parallel is illustrated in Figure 14-23. The
6- and 3-ohm resistors are in parallel with each other
and together are in series with the 2-ohm resistor.

The total current in this circuit is equal to the
voltage divided by the total resistance. The total
resistance can be determined as follows. The 6- and
3-ohm parallel resistors in Figure 14-23 are equiva-
lent to a 2-ohm resistor, since 6 x 3/6 + 3 = 2. This
equivalent 2-ohm resistor is in series with the other
2-ohm resistor. To find the total resistance, add the
two resistance values together. This gives a total cir-
cuit resistance of 4 ohms (2 + 2 = 4 ohms). The total
current, therefore, is I = 12/4 = 3 amperes. This
means that 3 amps of current is flowing through the
2-ohm resistor in series and 3 amps are divided
between the resistors in parallel. In series-parallel cir-
cuits, the sum of the currents, flowing in the parallel
legs, must equal that of the series resistors’ current.

To find the current through each of the resistors
in parallel, find the voltage drop across those resis-
tors first. With 3 amperes flowing through the 2-ohm
resistor, the voltage drop across this resistor is E = IR
= 3 x 2 = 6 volts, leaving 6 volts across the 6- and 3-
ohm resistors. The current through the 6-ohm resis-
tor is I = E/R = 6/6 = 1 ampere, and through the 3-
ohm resistor is I = 6/3 = 2 amperes. The sum of
these two current values must equal the total circuit
current and it does, 1 + 2 = 3 amperes (Figure
14-24). The sum of the voltage drops across the par-
allel part of the circuit and the series part must also
equal source voltage.

a®._6v
20
12V = 605 | @ 30 )
» [~e
6V 6V

FIGURE 14-24 The circuit in Figure 14—23 with voltage
drops shown.
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FIGURE 14-25
block, or transmission case is used as a source of ground to
complete the circuit back to the battery.

In most vehicles, the metal frame, engine

Grounding the Load
In the illustrations used to explain series, parallel,
and series-parallel circuits, the return wire from the
load or resistor connects directly to the negative ter-
minal of the battery. If this were the case in an actual
vehicle, there would be literally hundreds of wires
connected to the negative battery terminal.

To avoid this, auto manufacturers use a wiring
style that involves using the vehicle’s metal frame com-
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ponents as part of the return circuit. Using the chassis
as the negative wire is often referred to as grounding.
The wire or metal mounting that serves as the contact
to the chassis is commonly called the ground wire or
lead. As shown in Figure 14-25, the load is grounded
directly to the metal frame. The metal frame then acts
as the return wire in the circuit. Current passes from
the battery, through the load, and into the frame. The
frame is connected to the negative terminal of the bat-
tery through the battery’s ground wire.

An electrical component, such as an alternator,
may be mounted directly to the engine block, trans-
mission case, or frame. This direct mounting effec-
tively grounds the component without the use of a
separate ground wire. In other cases, however, a sepa-
rate ground wire must be run from the component to
the frame or another metal part to ensure a good con-
nection for the return path. The increased use of plas-
tics and other nonmetallic materials in body panels
and engine parts has made electrical grounding more
difficult. To ensure good grounding back to the bat-
tery, some manufacturers now use a network of com-
mon grounding terminals and wires (Figure 14-26).
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FIGURE 14-26 Some vehicles use a net-
. work of grounding wires and terminals to
— ensure a good ground in all electrical circuits.
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Circuit Components

Automotive electrical circuits contain a number of dif-
~“erent types of electrical devices. The more common
components are outlined in the following sections.

Resistors As shown in the explanation of simple cir-
cuit design, resistors are used to limit current flow
(and thereby voltage) in circuits where full current
flow and voltage are not needed or desired. Resistors
are devices specially constructed to put a specific
amount of resistance into a circuit. In addition, some
other components use resistance to produce heat and
even light. An electric window defroster is a special-
ized type of resistor that produces heat. Electric
lights are resistors that get so hot they produce light.
Automotive circuits typically contain these types of
resistors: fixed value, stepped or tapped, and variable.
Fixed value resistors are designed to have only
one rating, which should not change. These resistors
are used to decrease the amount of voltage applied to
a component, such as an ignition coil. Often manu-
facturers use a special wire, called resistor wire, to
limit current flow and voltage in a circuit. This wire
looks much like normal wire but is not a good con-
ductor and is marked as a resistor.
Tapped or stepped resistors are designed to have
~vo or more fixed values, available by connecting
wires to the several taps of the resistor. Heater motor
resistor packs, which provide for different fan speeds,
are an example of this type of resistor (Figure 14-27).
Variable resistors are designed to have a range of
resistances available through two or more taps and a
control. Two examples of this type of resistor are
rheostats and potentiometers. Rheostats (Figure
14-28) have two connections, one to the fixed end of a
resistor and one to a sliding contact with the resistor.
Moving the control moves the sliding contact away
from or toward the fixed end tap, increasing or decreas-
ing the resistance. Potentiometers (Figure 14-29) have
three connections, one at each end of the resistance and
one connected to a sliding contact with the resistor.
Moving the control moves the sliding contact away

VWV

12V 10V 8V 6V 4V
FIGURE 14—27 Stepped resistor.
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FIGURE 14-28 Rheostat.
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FIGURE 14-29 Potentiometer.
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FIGURE 14-30 Voltage across a potentiometer.

from one end of the resistance but toward the other
end. These are called potentiometers because different
amounts of potential or voltage can be sent to another
circuit. As the sliding contact moves, it picks up a volt-
age equal to the source voltage minus the amount
dropped by the resistor, so far (Figure 14-30).

Another type of variable resistor is the thermistor.
This type of resistor is designed to change its resis-
tance value as its temperature changes. Although
most resistors are carefully constructed to maintain
their rating within a few ohms through a range of
temperatures, the thermistor is designed to change its
rating. Thermistors are used to provide compensating
voltage in components or to determine temperature.
As a temperature sensor, the thermistor is connected
to a voltmeter calibrated in degrees. As the tempera-
ture rises or falls, the resistance also changes, and so
does the voltage in the circuit. These changes are read
on the temperature gauge. Thermistors are also com-
monly used to sense temperature and send a signal
back to a control unit. The control unit interprets the
signal as a temperature value (Figure 14-31).

Circuit Protective Devices When overloads or
shorts in a circuit cause too much current to flow, the
wiring in the circuit heats up, the insulation melts,
and a fire can result, unless the circuit has some kind
of protective device. Fuses, fuse links, maxi-fuses,
and circuit breakers are designed to provide protec-
tion from high current. They may be used singularly
or in combination. Typical symbols for protection

devices are shown in Figure 14-32.
WARNING!

Fuses and other protection devices normally

do not wear out. They go bad because something
went wrong. Never replace a fuse or fusible link, or
reset a circuit breaker, without finding out why it
went bad. =
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FIGURE 14-31 A thermistoris = sensing
used to measure temperature. The l circuit
sensing unit measures the change l
in resistance and translates this = 6 =
into a temperature value. =

FUSES There are three basic types of fuses in auto-
motive use: cartridge, blade, and ceramic (Figure
14-33). The cartridge fuse is found on most older
domestic cars and a few imports. It is composed of a
strip of low melting metal enclosed in a transparent
glass or plastic tube. To check this type of fuse, look
for a break in the internal metal strip. Discoloration
of the glass cover or glue bubbling around the metal
end caps is an indication of overheating. Late-model
domestic vehicles and many imports use blade or
spade fuses. To check the fuse, pull it from the fuse
panel and look at the fuse element through the trans-
parent plastic housing. Look for internal breaks and
discoloration. The ceramic fuse is used on many
European imports. The core is a ceramic insulator
with a conductive metal strip along one side. To
check this type of fuse, look for a break in the con-
tact strip on the outside of the fuse. All types of fuses
can be checked with an ohmmeter or testlight. If the
fuse is good, there will be continuity through it.

Fuses are rated by the current at which they are

FUSE CIRCUIT FUSIBLE
BREAKER LINK

FIGURE 14-32 Electrical symbols for common circuit pro-
tection devices.

A B Cc
FIGURE 14-33 (A) Cartridge fuse, (B) ceramic fuse, and
(C) blade fuse.

designed to blow. A three-letter code is used to indi-
cate the type and size of fuses. Blade fuses have
codes ATC or ATO. All glass SFE fuses have the
same diameter, but the length varies with the current
rating. Ceramic fuses are available in two sizes, code
GBF (small) and the more common code GBC
(large). The amperage rating is also embossed on the
insulator. Codes, such as AGA, AGW, and AGC,
indicate the length and diameter of the fuse. Fuse
lengths in each of these series is the same, but the
current rating can vary. The code and the current rat-
ing is usually stamped on the end cap.

The current rating for blade fuses is indicated by
the color of the plastic case (Table 14-1). In addi-
tion, it is usually marked on the top. The insulator on
ceramic fuses is color coded to indicate different cur-

rent ratings.
CUSTOMER CARE

4
Advise your customers to carry an assort-

ment of spare fuses in the car’s glove compartment.
It is difficult to know when one will blow. Also,
show the customer how to borrow a fuse from a less
critical circuit. For example, it is possible to do with-
out power for the radio or air conditioner, if a fuse is
needed for the headlights or brake lights. Make cer-
tain, however, that the fuse borrowed and later
replaced has the same current rating. Remember
that a blown fuse was caused by something going
wrong. Inform the customer that replacing the fuse
may or may not give a temporary solution to the
problem. |

Fuses are located in a box or panel (Figure
14-34), usually under the dashboard, behind a panel
in the foot well, or in the engine compartment. Fuses
are generally numbered, and the main components
abbreviated. On late-model cars, there may be icons
or symbols indicating which circuits they serve. This
identification system is covered in more detail in the
owner’s and service manuals.
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TABLE 14-1 TYPICAL COLOR CODING OF PROTECTIVE
DEVICES

Sometimes it is necessary to protect a device in a
portion of a circuit even though the entire circuit is
protected by a fuse in the fuse panel. This is done by
installing an in-line fuse in the wire that carries cur-
rent to the device. In-line fuses are primarily used on
accessories that are very sensitive to power surges,
such as radios and compact disc players. They are
also used with added-on units like driving lights and
power antennas. Normally, these fuses are close to
the units they protect.

There are several types of in-line fuse carriers.
One of the most popular and easiest to install is
shown in Figure 14-35.

») SHOP TALK

To calculate the correct fuse rating, use
Watt’s law: watts + volts = amperes. For example, if
you are installing a 55-watt pair of fog lights, divide

55 by the battery voltage (12 volts) to find out how
much current the circuit has to carry. Since 55 + 12 =
4.58, the current is approximately 5 amperes. To
allow for current surges, the correct in-line fuse
should be rated slightly higher than the normal cur-
rent flow. In this case, an 8- or 10-ampere fuse would
do the job. |

FUSE LINKS Fuse or fusible links are used in cir-
cuits when limiting the maximum current is not
extremely critical. They are often installed in the pos-
itive battery lead to the ignition switch and other cir-
cuits that have power with the key off. Fusible links
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FIGURE 14-34 Typical fuse box or panel.

1. CUT THE WIRE AND INSERT
ONE WIRE IN EACH SIDE.

@ 3. INSERT BLADE FUSE.

2. CLOSE EACH SIDE AND
SQUEEZE WITH PLIERS TO LOCK.

FIGURE 14-35

In-line blade fuse carrier.
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AREA WHEN TOO MUCH CURRENT
FLOWS THROUGH.

FIGURE 14-36 Typical fuse link.

CIRCUIT
CONDUCTOR

are normally found in the engine compartment near
the battery. Fusible links are also used when it would
be awkward to run wiring from the battery to the
fuse panel and back to the load.

A fuse link (Figure 14-36) is a short length of
small gauge wire installed in a conductor. Because
the fuse link is a lighter gauge of wire than the main
conductor, it melts and opens the circuit before dam-
age can occur in the rest of the circuit. Fuse link wire
is covered with a special insulation that bubbles
when it overheats, indicating that the link has melt-
ed. If the insulation appears good, pull lightly on the
wire. If the link stretches, the wire has melted. Of
course, when it is hard to determine if the fuse link is
burned out, check for continuity through the link

with a testlight or ohmmeter.
WARNING!

Do not mistake a resistor wire for a fuse

link. A resistor wire is generally longer and is clearly
marked “Resistor—do not cut or splice.” |

To replace a fuse link, cut the protected wire
where it is connected to the fuse link. Then, tightly
crimp or solder a new fusible link of the same rating
as the original link (Figure 14-37). Since the insula-
tion on the manufacturer’s fuse link is flameproof,
never fabricate a fuse link from ordinary wire be-
cause the insulation may not be flameproof.

FUSE
LINK

TAPE OR

TYPICAL REPAIR FOR ANY IN-LINE FUSE LINK USING THE
SPECIFIED GAUGE FUSE LINK FOR THE SPECIFIC CIRCUIT.

TAPE

0 i $01 7 T ——
TYPICAL REPAIR USING THE EYELET TERMINAL FUSE LINK

OF THE SPECIFIED GAUGE FORATTACHMENT TO A CIRCUIT
WIRE END.

FIGURE 14-37 Typical fuse link repair.

CAUTION:
Always disconnect the battery ground cable
prior to servicing any fuse link. [ |

MAXI-FUSES Many late-model vehicles use maxi-
fuses instead of fusible links. Maxi-fuses look and
operate like two-prong, blade, or spade fuses, except
they are much larger and can handle more current.
(Typically, a maxi-fuse is four to five times larger.)
Maxi-fuses are located in their own underhood fuse
block.

Maxi-fuses are easier to inspect and replace than
are fuse links. To check a maxi-fuse, look at the fuse
element through the transparent plastic housing. If
there is a break in the element, the maxi-fuse has
blown. To replace it, pull it from its fuse box or
panel. Always replace a blown maxi-fuse with a new
one having the same ampere rating.

Maxi-fuses allow the vehicle’s electrical system to
be broken down into smaller circuits that are easy to
diagnose and repair. For example, in some vehicles a
single fusible link controls one-half or more of all cir-
cuitry. If it burns out, many electrical systems are
lost. By replacing this single fusible link with several
maxi-fuses, the number of systems lost due to a prob-
lem in one circuit is drastically reduced. This makes
it easy to pinpoint the source of trouble.

CIRCUIT BREAKERS Some circuits are protected
by circuit breakers (abbreviated c.b. in the fuse chart
of a service manual). They can be fuse panel mount-
ed or in-line. Like fuses, they are rated in amperes.

Each circuit breaker conducts current through an
arm made of two types of metal bonded together
(bimetal arm). If the arm starts to carry too much
current, it heats up. As one metal expands faster than
the other, the arm bends, opening the contacts.
Current flow is broken. A circuit breaker can be
cycling (Figure 14-38) or must be manually reset.

In the cycling type, the bimetal arm will begin to
cool once the current to it is stopped. Once it returns

to its original shape, the contacts are closed and
=i % i

\
U U
CONTACTS

FIGURE 14-38 Cycling circuit breaker.
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SIDE VIEW SIDE VIEW
(EXTERNAL) (INTERNAL)

CONTACTS COIL 5 urral ARM
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! CONTACTS BIMETAL
B AMPERE RATING ARM
FIGURE 14-39 Resetting noncycling circuit breakers by

(A) removing power from the circuit and (B) depressing a reset
button.

SIDE VIEW
(EXTERNAL)

power is restored. If the current is still too high, the
cycle of breaking the circuit will be repeated.

Two types of noncycling or resettable circuit
breakers are used. One is reset by removing the
power from the circuit. There is a coil wrapped
'round a bimetal arm (Figure 14-39A). When there
.5 excessive current and the contacts open, a small
current passes through the coil. This current through
the coil is not enough to operate a load, but it does
heat up both the coil and the bimetal arm. This keeps
the arm in the open position until power is removed.
The other type is reset by depressing a reset button.
A spring pushes the bimetal arm down and holds the
contacts together (Figure 14-39B). When an over-
current condition exists and the bimetal arm heats
up, the bimetal arm bends enough to overcome the
spring and the contacts snap open. The contacts stay
open until the reset button is pushed, which snaps
the contacts together again.

Voitage Limiter Some instrument panel gauges are
protected against voltage fluctuations that could
damage the gauges or give erroneous readings. A
voltage limiter restricts voltage to the gauges to a
particular amount. The limiter contains a heating
coil, a bimetal arm, and a set of contacts. When the
ignition is in the on or accessory position, the heating
coil heats the bimetal arm, causing it to bend and
open the contacts. This action results in voltage from

oth the heating coil and the circuit. When the arm
<ools down to the point that the contacts close, the
cycle is repeated. The rapid opening and closing of
the contacts produces a pulsating voltage at the out-
put terminal averaging about 5 volts.
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Switches Electrical circuits are usually controlled by
some type of switch. Switches do two things. They
turn the circuit on or off, or they direct the flow of
current in a circuit. Switches can be under the control
of the driver or can be self-operating through a condi-
tion of the circuit, the vehicle, or the environment.

Contacts in a switch can be of several types, each
named for the job they do or the sequence in which
they work. A hinged-pawl switch (Figure 14-40) is
the simplest type of switch. It either makes (allows
for) or breaks (opens) current flow in a single con-
ductor or circuit. This type of switch is a single-pole,
single-throw (SPST) switch. The throw refers to the
number of output circuits, and the pole refers to the
number of input circuits made by the switch.

Another type of SPST switch is a momentary con-
tact switch (Figure 14-41). The spring-loaded contact
on this switch keeps it from closing the circuit except
when pressure is applied to the button. A horn switch
is this type of switch. Because the spring holds the
contacts open, the switch has a further designation:
normally open. In the case where the contacts are
held closed except when the button is pressed, the
switch is designated normally closed. A normally
closed momentary contact switch is the type of switch
used to turn on the courtesy lights when one of the
vehicle’s doors is opened.

Single-pole, double-throw (SPDT) switches have
one wire in and two wires out. Figure 14-42 shows
an SPDT hinged-pawl switch that feeds either the
high-beam or low-beam headlight circuit. The dotted

OPERATION ___——>
BUTTON

~___SPRING

SWITCH
— -
POWER _4 L, TO
SOURCE —={ LOAD

SPST
MOMENTARY CONTACT
SWITCH (NORMALLY OPEN)

FIGURE 14-41 SPST momentary contact switch diagram.
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FIGURE 14-42 SPDT headlight dimmer switch.
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FIGURE 1443 MPMT neutral start safety switch.

TO

lines in the symbol show movement of the switch
pawl from one contact to the other.

Switches can be designed with a great number of
poles and throws. The transmission neutral start
switch shown in Figure 14-43, for instance, has two
poles and six throws and is referred to as a multiple-
pole, multiple-throw (MPMT) switch. It contains two
movable wipers that move in unison across two sets
of terminals. The dotted line shows that the wipers
are mechanically linked, or ganged. The switch closes
a circuit to the starter in either P (park) or N (neutral)
and to the back-up lights in R (reverse).

Most switches are combinations of hinged-pawl
and push-pull switches, with different numbers of
poles and throws. Some special switches are required,
however, to satisfy the circuits of modern automobiles.
A mercury switch is sometimes used to detect motion
in a component, such as the one used in the engine
compartment to turn on the compartment light.

Mercury is a very good conductor of electricity. In
the mercury switch, a capsule is partially filled with
mercury (Figure 14-44). In one end of the capsule are
two electrical contacts. The switch is attached to the
hood or luggage compartment lid. Normally, the mer-
cury is in the end opposite to the contacts. When the
lid is opened, the mercury flows to the contact end
and provides a circuit between the electrical contacts.

A temperature-sensitive switch usually contains a
bimetallic element heated either electrically or by some
component where the switch is used as a sensor.
When engine coolant is below or at normal operating
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FIGURE 1444 Typical mercury switch.
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FIGURE 1445 Typical electrical relay design.

temperature, the engine coolant temperature sensor is
in its normally open condition. If the coolant exceeds
the temperature limit, the bimetallic element bends the
two contacts together and the switch is closed to the
indicator or the instrument panel. Other applications
for heat-sensitive switches are time-delay switches and
flashers.

Relays A relay is an electric switch that allows a
small amount of current to control a high current cir-
cuit (Figure 14-45). When the control circuit switch
is open, no current flows to the coil of the relay, so
the windings are de-energized. When the switch is
closed, the coil is energized, turning the soft iron
core into an electromagnet and drawing the armature
down. This closes the power circuit contacts, con-
necting power to the load circuit. When the control
switch is opened, current stops flowing in the coil
and the electromagnet disappears. This releases the
armature, which breaks the power circuit contacts.

Solenoids Solenoids are also electromagnets with
movable cores used to change electrical current flow
into mechanical movement. They can also close con-
tacts, acting as a relay at the same time.

Capacitors (Condensers) Capacitors are construct-
ed from two or more sheets of electrically conducting
material with a nonconducting or dielectric (anti-
electric) material placed between them. Conductors
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FIGURE 14-46

BATTERY Charging a capacitor.

are connected to the two sheets. Capacitors are
devices that oppose a change of voltage.

If a battery is connected to a capacitor as shown
in Figure 14-46, the capacitor will be charged when
current flows from the battery to the plates. This cur-
rent flow will continue until the plates have the same
voltage as the battery. At this time, the capacitor is
charged.

The capacitor remains charged until a circuit is
completed between the two plates. If the charge is
routed through a voltmeter, the capacitor will dis-
charge with the same voltage as the battery that
charged it. This statement explains why capacitors
are commonly used to filter or clean up voltage sig-
nals, such as sound from a stereo. Current can only

flow during the period of time that a capacitor is
- ither charging or discharging.

Automotive capacitors are normally encased in
metal. The grounded case provides a connection to
one set of conductor plates and an insulated lead
connects to the other set.

Variable capacitors are called trimmers or tuners
and are rated very low in capacity because of the
reduced size of their conducting plates. For this rea-
son, they are only used in very sensitive circuits, such
as radios and other electronic applications.

Wiring Electrical wires are used to conduct electricity
to operate the electrical and electronic devices in a
vehicle. There are two basic types of wires used: solid
and stranded. Solid wires are single-strand conduc-
tors. Stranded wires are made up of a number of
small solid wires twisted together to form a single con-
ductor. Stranded wires are the most commonly used
type of wire in an automobile. Electronic units, such
as computers, use specially shielded, twisted cable for
protection from unwanted induced voltages that can
interfere with computer functions. In addition, some
solid state components use printed circuits.
The current-carrying capacity and the amount of
oltage drop in an electrical wire are determined by
its Jength and gauge (size). The wire sizes are estab-
lished by the Society of Automotive Engineers (SAE),
which is the American wire gauge (AWG) system.
Sizes are identified by a numbering system ranging

TABLE 14-2 WIRE GAUGE SIZES

i - 4
v o

from number 0 to 20, with number 0 being the
largest and number 20 the smallest in a cross-section-
al area (Table 14-2). Most automotive wiring ranges
from number 10 to 18 and the battery cables are nor-
mally at least number 4 gauge. Battery cables are
large gauge wires capable of carrying the high cur-
rents for the starter motor.

Automotive wiring can also be classified as prima-
ry or secondary. Primary wiring carries low voltage to
all the electrical systems of the vehicle except to sec-
ondary circuits of the ignition system. Secondary
wire, also called high-tension cable, has extra thick
insulation to carry high voltage from the ignition coil
to the spark plugs. The conductor itself is designed
for low currents.

The proper selection of the correct gauge wire is
very important. The wire should be large enough to
assure safe and reliable performance. However, overly
large wires add weight and expense to the vehicle. If
too small a wire is used, a voltage drop can occur due
to electrical resistance. The two factors that should
always be considered when the size of a wire is deter-
mined are the total amperage the circuit carries and
the total length of wire used in each circuit, including
the return. Allowance for the return circuits, includ-
ing grounded returns, has been computed in Table
14-3. The length of cable should be determined by
totaling both wires on a two-wire circuit.

Wires are commonly grouped together in har-
nesses. A single-plug harness connector may form the
connections for four, six, or more circuits. Harnesses
and harness connectors help organize the vehicle’s
electrical system and provide a convenient starting
point for tracking and testing many circuits. Most
major wiring harness connectors are located in a
vehicle’s dash or fire wall area (Figure 14-47).

Printed Circuits Many late-model vehicles use flexi-
ble printed circuits (Figure 14-48) and printed cir-
cuit boards. Both types of printed circuits allow for
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TABLE 14-3 WIRE SIZE AND LENGTH

Note: 18 AWG as indicated above this line could be 20 AWG
electrically. 18 AWG is recommended for mechanical strength.

FLEXIBLE
PRINTED
CIRCUIT

GAUGE
CONNECTOR &3

N\

FIGURE 14-47 Typical front wiring harness.

complete circuits to many components without hav-
ing to run dozens of wires. Printed circuit boards are
typically contained in a housing, such as the engine
control module. These boards are not serviceable and
in some cases not visible. When these boards fail, the
entire unit is replaced.

A flexible printed circuit saves weight and space.
It is made of thin sheets of nonconductive plastic
onto which conductive metal, such as copper, has
been deposited. Parts of the metal are then etched or
eaten away by acid. The remaining metal lines form
the conductors for the various circuits on the board.
The printed circuit is normally connected to the
power supply or ground wiring through the use of
plug-in connectors mounted on the circuit sheet.

CLIPS

S o
WIRING HARNESS
CONNECTOR LOCATIONS

FUEL
LEVEL
DAMPENING
MODULE

BULB
ASSEMBLIES
(16 MAXIMUM)

FUEL LEVEL
DAMPENING
MODULE
LOCATED HERE
ON OPTIONAL
TACHOMETER
CLUSTER

FIGURE 14-48 Typical
printed circuit board.
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There are several precautions that should be
observed when working on a printed circuit.

1. Never touch the surface of the board. Dirt, salts,
and acids on your fingers can etch the surface and
set up a resistive condition. It is possible to knock
out an entire section of the dash with a finger-
print.

2. The copper conductors can be cleaned with a
commercial cleaner or by lightly rubbing a pencil
eraser across the surface.

3. A printed circuit board is easily damaged because
it is very thin. Be careful not to tear the surface
especially when plugging in connectors or bulbs.

Electrical Wiring Diagrams Wiring diagrams,
sometimes called schematics, are used to show how
circuits are constructed. A typical service manual
contains dozens of wiring diagrams vital to the diag-
nosis and repair of the vehicle.

A wiring diagram does not show the actual posi-
tion of the parts on the vehicle or their appearance,
nor does it indicate the length of the wire that runs
between components. It usually indicates the color of
the wire’s insulation and sometimes the wire gauge
size. Typically, the primary wire insulation is color
~oded as shown in Table 14-4. The first letter in a
-ombination of letters usually indicates the base color.
The second letter usually refers to the strip color (if

TABLE 14-4 COMMON WIRE COLOR CODES

any). Tracing a circuit through a vehicle is basically a
matter of following the colored wires.

Many different symbols are also used to represent
components such as resistors, batteries, switches, tran-
sistors, and many other items. Some of these symbols
have already been shown earlier in the chapter. Other
common symbols are shown in Figure 14-49. Part of a
typical wiring diagram is shown in Figure 14-50,
notice that the components are also labeled.

Wiring diagrams can become quite complex. To
avoid this, most diagrams usually illustrate only one
distinct system, such as the backup light circuit, oil
pressure indicator light circuit, or wiper motor cir-
cuit. In more complex ignition, electronic fuel injec-
tion, and computer control systems, a diagram may
be used to illustrate only part of the entire circuit.

USING SERVICE
MANUALS

Keep in mind that electrical symbols are
not standardized throughout the automotive industry.
Different manufacturers may have different methods
of representing certain components, particularly the
less common ones. Always refer to the symbol refer-
ence charts, wire color code charts, and abbreviation
tables listed in the vehicle’s service manual to avoid
confusion when reading wiring diagrams. Also, most
diagrams are designed to be read from left to right,
top to bottom, just as you would a book. El

Electrical Problems All electrical problems can be
classified into one of three categories: opens, shorts,
or high-resistance problems. Identifying the type of
problem allows you to identify the correct tests to per-
form when diagnosing an electrical problem. The dif-
ferent classifications of electrical problems follow.

An open occurs when a circuit has a break in the
wire. Without a completed path, current cannot flow
and the load or component cannot work. An open
circuit can be caused by a disconnected wire, a bro-
ken wire, or a switch in the OFF position. Although
voltage will be present up to the open point there is
no current flow. Without current flow, there are no
voltage drops across the various loads.

A short results from an unwanted path for cur-
rent. Shorts cause an increase in current flow. This
increased current flow can burn wires or components.
Sometimes two circuits become shorted together.
When this happens, one circuit powers another. This
may result in strange happenings, such as the horn
sounding every time the brake pedal is depressed. In
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FUSE

FUSIBLE LINK

SWITCH

CAPACITOR (CONDENSER)

RESISTOR

VARIABLE RESISTANCE

CoiL

RELAY

NOTE: RELAY CONTACT SHOWN IN THE WIRING DIAGRAM
INDICATES CONDITION BEFORE ACTUATION.

—
N

_H____
__.’L___

CONNECTOR

GROUND

OHMS OF RESISTANCE

DIODE (ONE-WAY)

ZENER DIODE

@ @— TRANSISTOR

(PNP TYPE) (NPN TYPE)

e
4y

WIRES CROSSED,
NOT CONNECTED

WIRES CROSSED,
CONNECTED

SILICON-CONTROLLED
RECTIFIER

® @

SINGLE FILAMENT LIGHT

MOTOR

BUZZER

CAPACITOR
(CONDENSER)

CIRCUIT BREAKER

SPARK GAP
CONTACT POINTS

BATTERY

ELECTRONIC PART

COMPONENT
CASE IS
DIRECTLY
ATTACHED TO
METAL PART
OF CAR
(GROUNDED)

5 CAVITY
CONNECTOR
(5 OUT OF 5
CAVITIES
ARE USED)

5 CAVITY
CONNECTOR
(40UTOF 5
CAVITIES
ARE USED)

FEMALE TERMINAL

c103

MALE TERMINAL

FIGURE 14-48 Common electrical symbols used on wiring diagrams.

CONNECTOR REFERENCE
NUMBER FOR COMPONENT
LOCATION LIST

LIST ALSO SHOWS
TOTAL NUMBER OF
TERMINALS POSSIBLE:
C103 (5 CAVITIES)
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14LB 14WT 14BR 14VT
B+UP O B+DOWN B+UP B+DOWN
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WINDOW LIFT MOTOR WINDOW LIFT MOTOR

FIGURE 14-50 One part of a large wiring diagram.

this case, the brake light circuit is shorted to the homn
“ircuit. Improper wiring or damaged insulation are
€ two major causes of short circuits.
A short can also be an unwanted short to ground.
This problem provides a low resistance path to ground.
This problem causes extremely high current flow,

which will damage wires and electrical components.
Some call this problem a grounded circuit.
High-resistance problems occur when there is
unwanted resistance in the circuit. The higher-than-
normal resistance causes the current flow to be lower
than normal and the components in the circuit are
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WINDOW LIFT MOTOR WINDOW LIFT MOTOR

FIGURE 14-50 Continued

unable to operate properly. A common cause of this
type of problem is corrosion at a connector. The cor-
rosion becomes an additional load in the circuit. This
load uses some of the circuit’s voltage, which pre-
vents full voltage to the normal loads in the circuit.
With a basic understanding of electricity and sim-
ple circuits, it is easier to understand the operation

and purpose of the various types of electrical test
equipment described in the following sections.

Electrical Test Meters

Several meters are used to test and diagnose electri-
cal systems. These are the voltmeter, ammeter, and
ohmmeter. These should be used along with volt-
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RELATIONTO
PREFIX SYMBOL BASIC UNIT v
Mega M 1,000,000
Kilo k 1,000
+ —

— 1 -
Milli m 01 0 e l

. 1
Micro il .000001 OrTfJ—OO_Oﬁﬁ L L L L L
Nano n 0.000000001 FIGURE 14-52 Checking a circuit using a voltmeter.
Pico p 0.000000000001

FIGURE 14-51 Common prefixes used on meters.

ohmmeters, test lights, jumper wires, and variable
resistors (piles).

Meters have either an “auto range” feature, in
which the appropriate scale is automatically selected

by the meter or they must be set to a particular -

range. In either case, you should be familiar with the
ranges and the different settings available on the
meter you are using. To designate particular ranges
and readings, meters display a prefix before the read-
ing or range. For example, if the meter has a setting
‘or mAmps, this means the readings will be given in
milli-amps or 1/1000th of an amp. The common pre-
fixes, their symbols, and their meaning are shown in
Figure 14-51.

Voltmeter A voltmeter measures the voltage available
at any point in an electrical system. For example, it can
be used to measure the voltage available at the battery.
It can also be used to test the voltage available at the
terminals of any component or connector. A voltmeter
can also be used to test voltage drop across an electri-
cal circuit, component, switch, or connector.

A voltmeter has two leads: a red positive lead and
a black negative lead. The red lead should be connect-
ed to the positive side of the circuit or component.
The black should be connected to ground or to the
negative side of the component. Voltmeters should
always be connected across the circuit being tested.

Consider a simple circuit (Figure 14-52). If there
are 12 volts available at the battery and the switch is
closed, there should also be 12 volts available at each
light. If, for example, less than 12 volts is indicated,
that would mean that some additional resistance is
somewhere else in the circuit. The lights may light

ut not as brightly as they should.

The loss of voltage due to resistance in wires,
connectors, and loads is called voltage drop. Voltage
drop is checked using a voltmeter. The procedure for
checking voltage is shown in Photo Sequence 7.

0.54 VOLTAGE DROP

0.05 ()

12V =
+ T

0.05 ()
0.54 VOLTAGE DROP

FIGURE 14-53 Wire resistance results in a slight voltage
drop in the circuit.

Figure 14-53 illustrates two headlights connect-
ed to a 12-volt battery using two wires. Each wire
has a resistance of 0.05 ohm. Each headlight has a
resistance of 2 ohms. As you can see, the two head-
lights are wired parallel so their effective resistance is

2 ohms x 2 ohms

=1oh
2 ohms+ 2 ohms =

The total circuit resistance is
1 ohm + 0.05 ohm + 0.05 ohm = 1.1 ohms

Therefore, the current in the circuit is

The voltage drop across each wire is

E=IxR
E=109x%x0.05=0.54V

This means there is a total of 1.08 volts dropped
across the wires. When the voltage drop of the wires
is subtracted from the 12-volt source voltage, 10.92
volts remain for the headlights.

Without the resistance in the wires, the head-
lights receive 12 amperes. With the resistance, the
current flow was reduced to 10.9 amperes.

All wiring must have resistance values low
enough to allow enough voltage to the load for prop-



L P
P7-1 To
perform this task: voltmeter
and fender covers.

lowest DC volt scale.

-~

P7-4 Connect the negative
(black) lead to the low beam termi-
nal of the headlight socket. Make
sure you are connected to the
input side of the headlight.

er operation. The maximum allowable voltage loss
due to voltage drops across wires, connectors, and
other conductors in an automotive circuit is 10 per-
cent of the system voltage. So, in an automotive elec-
trical system powered by a 12-volt battery, this maxi-
mum loss is 1.2 volts.

A voltmeter can also be used to check for proper
circuit grounding. For example, consider the lighting
circuit shown in Figure 14-52. If the voltmeter read-
ing indicates full voltage at the lights, but no lighting

ols required to P7-2 Set the voltmeter on its P7-3 To test the voltage drop of

P7-5 Turn on the headlights
(low beam) and look at the voli-
meter reading. The voltmeter will
show the amount of voltage
dropped between the battery and
the headlight. This reading should
be very low

the entire headlamp system, con-
nect the positive (red) lead to the
battery positive (+) terminal.

is seen, the bulbs or sockets could be bad or the
ground connection is faulty.

An easy way to check for a defective bulb is to
replace it with one known to be good. You can also
use an ohmmeter to check for electrical continuity
through the bulb.

If the bulbs are not defective, the problem lies in
either the light sockets or ground wires. Connect the
voltmeter to the ground wire and a good ground as
shown in Figure 14-54. If the light socket is defec-
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FIGURE 14-54 Using a voltmeter to check for open
grounds.

tive, there would be no voltage through the lights and
the voltmeter would read O volts. If the socket was
not defective but the ground wire was broken or dis-
connected, the voltmeter would read very close to 12
volts. Any voltage reading would indicate a bad or
poor ground circuit. The higher the voltage, the
greater the problem.

Ammeter An ammeter measures current flow in a
circuit. Current is measured in amperes. An ammeter
must be placed into the circuit or in series with the
_circuit being tested. Normally, this requires discon-
ecting a wire or connector from a component and
connecting the ammeter between the wire or connec-
tor and the component. The red lead of the ammeter
should always be connected to the side of the con-
nector closest to the positive side of the battery and
the black lead should be connected to the other side.

WARNING!
Never place the leads of an ammeter across

the battery or a load. This puts the meter in parallel
with the circuit and will blow the fuse in the amme-
ter or possibly destroy the meter. B

It is much easier to test current using an ammeter
with an inductive pickup. The pickup clamps around
the wire or cable being tested. The ammeter deter-
mines amperage based on the magnetic field created
by the current flowing through the wire. This type of
pickup eliminates the need to separate the circuit to
insert the meter.

Because ammeters are built in very low internal

>sistance, connecting them in series does not add any
.ppreciable resistance to the circuit. Therefore, an accu-
rate measurement of the current flow can be taken.

For example. assume that a circuit normally
draws 5 amps and is protected by a 6-amp fuse. If

FIGURE 14-55 Checking a circuit using an ammeter.

the circuit constantly blows the 6-amp fuse, a short
exists somewhere in the circuit (Figure 14-55).
Mathematically, each light should draw 1.25 amperes
(5 + 4 = 1.25). To find the short, disconnect all lights
by removing them from their sockets. Then, close the
switch and read the ammeter. With the load discon-
nected, the meter should read O amperes. If there is
any reading, the wire between the fuse block and the
socket is shorted to ground.

If zero amps was measured, reconnect each light in
sequence. The reading should increase 1.25 amperes
with each bulb. If, when making any connection, the
reading is higher than expected, the problem is in that

part of the light circuit.
WARNING!

When testing for a short, always use a fuse.

Never bypass the fuse with a wire. The fuse should
be rated at no more than 50 percent higher capacity

“than specifications. This offers circuit protection and

provides enough amperage for testing. After the
problem is found and corrected, be sure to install the
specified rating of fuse for circuit protection. |

Ohmmeter An ohmmeter measures resistance to
current flow in a circuit. The two leads of the ohm-
meter are placed across or in parallel with the circuit
or component being tested. The red lead is placed on
the positive side of the circuit, and the black lead is
placed on the negative side of the circuit. The meter
sends current through the component and deter-
mines the amount of resistance based on the voltage
dropped across the load. The scale of an ohmmeter
reads from O to infinity («). A 0 reading means there
is no resistance in the circuit and may indicate a
short in a component that should show a specific
resistance. An infinity reading indicates a number
higher than the meter can measure. This usually is an
indication of an open circuit.
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FIGURE 14-56 Measuring resistance using an ohmmeter.
Note that the circuit fuse is removed to de-energize the circuit.

Ohmmeters are used to test circuit continuity and
resistance with no power applied. In other words, the
circuit or component to be tested must first be dis-
connected from the power source (Figure 14-56).
Connecting an ohmmeter into a live circuit usually
results in damage to the meter.

Ohmmeters are also used to trace and check wires
or cables. Assume that one wire of a four-wire cable is
to be found. Connect one probe of the ohmmeter to
the known wire at one end of the cable and touch the
other probe to each wire at the other end of the cable.
Any evidence of resistance, such as meter needle
deflection, indicates the correct wire. Using this same
method, you can check a suspected defective wire. If
resistance is shown on the meter, the wire is sound. If
no resistance is measured, the wire is defective (open).
If the wire is okay, continue checking by connecting
the probe to other leads. Any indication of resistance
indicates that the wire is shorted to one of the other
wires and that the harness is defective.

Volt-Ohmmeter This combination meter is very use-
ful for all types of diagnostics. It is capable of measur-
ing exact amounts of voltage and resistance at any
point in a circuit. Basically, there are two types of volt-
ohmmeters available: the analog and digital. Analog
meters use a sweeping needle to indicate the measure-
ment. This type of meter is commonly used on normal
automotive electrical circuits. A digital volt-ohmmeter
(DVOM) is used on electronic circuitry. This type
meter displays the measurement in numerical or digi-
tal form. Most DVOMs are of high impedance, which
is a requirement for use on most computerized and
other sensitive electronic equipment.

Testlights There are two types of testlights common-
ly used in diagnosing electrical problems, the non-
powered and powered testlight. Nonpowered test-
lights are used to check for available voltage. With the

+:-J_—O'x& o—C
T
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CIRCUIT IS DISCONNECTED
AT POINT OF TEST.

)
1

FIGURE 14-57 (A) Testing a circuit using a nonpowered
test light, and (B) testing with a powered test light. With pow-
ered test lights, the circuit must be de-energized.

wire lead connected to ground and the tester’s probe
at a point of voltage, the light turns on with the pres-
ence of voltage (Figure 14-57A). The amount of volt-
age determines the brightness of the light. A self-pow-
ered testlight is used to check for continuity. Hooked
across a circuit or component, the light turns on if the
circuit is complete. A powered testlight should only
be used if the power for the circuit or component has
been disconnected (Figure 14-57B).

Jumper Wires Jumper wires are used to bypass indi-
vidual wires, connectors, or components. Bypassing a
component or wire helps to determine if that part is
faulty (Figure 14-58). If the problem is no longer evi-
dent after the jumper wire is installed, the part by-

[ e ]

)

| /™

FIGURE 14-58 Using a jumper wire to test for an open
ground.
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passed is normally faulty. Technicians typically have
jumper wires of various lengths, usually some of the
vires have a fuse or circuit breaker in them to pro-
tect the circuits being tested.

Variable Resistors Variable resistors or piles are
used to cause a certain amount of current to flow
through a circuit. This type of test equipment is espe-
cially important when testing a battery and alterna-
tor. By causing current flow through the test equip-
ment, the ability of the battery or alternator to react
to the current draw is a precise way to check its effi-
ciency. Most battery/starting/charging system testers
are equipped with a carbon pile. The resistance of the
carbon pile is either adjusted by the technician or is
automatically adjusted by the tester.

Troubleshooting Circuits

Troubleshooting electrical problems involves using
meters, testlights, and jumper wires to determine if
any part of the circuit is open or shorted, or if there
is unwanted resistance.

To troubleshoot a problem, always begin by veri-
fying the customer’s complaint. Operate the system
and others to get a complete understanding of the
problem. Often there are other problems that are not
1s evident or bothersome to the customer that will
provide helpful information for diagnostics. Obtain
the correct wiring diagram for the car and study the
circuit that is affected. From the diagram, you should
be able to identify testing points and probable prob-
lem areas. Test and use logic to identify the cause of
the problem.

An ammeter and a voltmeter connected to a cir-
cuit at the different locations shown in Figure 14-59
should give readings as indicated when there are no
problems in the circuit.

If there is an open anywhere in the circuit, the
ammeter will read zero currents. If the open is in the
1-ohm resistor, a voltmeter connected from C to
ground will read zero. However, if the resistor is open

2V 4V

VEHICLE FRAME

el S

i 4

— GROUND SYMBOL

FIGURE 14-59 Sample circuit being tested with voltmeter
and ammeter.

and the voltmeter is connected to points B and C, the
reading will be 12 volts. The reason is that the battery,
ammeter, voltmeter, 2-ohm resistor, and 3-ohm resis-
tor are all connected together to form a series circuit.
Because of the open in the circuit, there is only cur-
rent flow in the circuit through the meter, not the rest
of the circuit. This current flow is very low because
the meter has such high resistance. Therefore, the
voltmeter will show a reading of 12 volts, indicating
little, if any, voltage drop across the resistors.

To help you understand this concept, look at
what happens if the 2-ohm resistor was open instead
of the 1-ohm resistor. A voltmeter connected from
point C to ground would indicate 12 volts. The 1-
ohm resistor in series in the high resistance of the
voltmeter would have little affect on the circuit. If an
open should occur between point E and ground, a
voltmeter connected from points B, C, D, or E to
ground would read 12 volts. A voltmeter connected
across any one of the resistors, from B to C, C to D,
or D to E, would also read zero volts, because there
will be no voltage drops if there is no current flow.

A short would be indicated by excessive current
and/or abnormal voltage drops. These examples illus-
trate how a voltmeter and ammeter may be used to
check for problems in a circuit. An ohmmeter also
may be used to measure the values of each compo-
nent and compared to specifications. If there is no
continuity across a part, it is open. If there is more
resistance than called for, there is high internal resis-
tance. If there is less resistance than specified, the
part is shorted.

Repairing Connecting and Wiring Many automo-
tive electrical problems can be traced to faulty wiring.
Loose or corroded terminals, frayed, broken, or oil-
soaked wires, and faulty insulation are the most com-
mon causes. Wires, fuses, and connections should be
checked carefully during troubleshooting. Keep in
mind that the insulation does not always appear to be
damaged when the wire inside is broken. Also, a ter-
minal may be tight but still may be corroded.

Wire end terminals are connecting devices. They
are generally made of tin-plated copper and come in
many shapes and sizes. They may be either soldered
or crimped in place.

When installing a terminal, select the appropriate
size and type terminal. Be sure it is suitable for the
unit connecting post or prongs and it has enough
current carrying capacity for the circuit. Also, make
sure it is heavy enough to endure normal wire flexing
and vibration. Ring terminals should be used for crit-
ical applications or where heavy vibration occurs.
Because they completely encircle the post, they will
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FIGURE 14-60 Proper method of crimping a wire to a ter-
minal.

not fall off if the connection loosens. Figure 14-60
shows how to crimp a terminal. Be sure to use the
proper crimping tool and to follow the tool manufac-
turer’s instructions.

WARNING!
Do not crimp a terminal with the cutting

edge of a pair of pliers. While this method may crimp
the terminal, it also weakens it. |

Stripping area

Crimping
area

General procedures for crimping on a connector
follows:

1. Use the correct size stripping opening on the
crimping tool (Figure 14-61) and remove enough
insulation to allow the wire to completely pene-
trate the connector.

2. Place the wire into the connector and crimp the
connector (Figure 14-62). To get a proper crimp,
place the open area of the connector facing toward
the anvil. Make sure the wire is compressed under
the crimp.

3. Insert the stripped end of the other wire into the
connector, if connecting two wires, and crimp in
the same manner.

4. Use electrical tape or heat shrink tubing to tightly
seal the connection. This will provide good pro-
tection for the wire and connector.

The preferred way to connect wires or to install a
connector is by soldering. Photo Sequence 8 demon-
strates the proper procedure for soldering two copper
wires together. Some car manufacturers use alu-
minum in their wiring. Aluminum cannot be soldered.
Follow the manufacturer’s guidelines and use the
proper repair kits when repairing aluminum wiring.

Cutting area

FIGURE 14-61 Typical crimping tool used for making electrical repairs.

jaw tabs

Conductor

Final crimp

Flattened

M‘(
\

FIGURE 14-62 Crimping the connector properly.

Upper Terminal l‘

Anvil

\ Turned in

Compressed
conductor




P8-1 Tools required to solder
copper wire: 100-watt soldering
iron, 60/40 rosin core solder,
crimping tool, splice clip, heat
shrink tube, heating gun, and safe-
ty glasses.

P8-4 Using the correct size P8-5 Now remove about 1/2 P8-6 Select the proper size
inch of the insulation from both
ends of the replacement wire. The

stripper, remove about 1/2 inch of
the insulation from both wires.

P8—2 Disconnect the fuse that

powers the circuit being repaired.
Note: If the circuit is not protected
by a fuse, disconnect the ground

lead of the battery.

P8-3 Cut out the damaged wire.

splice clip to hold the splice.

length of the replacement wire
should be slightly longer than the
length of the wire removed.

m WARNING!
Never use acid core solder. It creates corro-
sion and can damage electronic components. |

When working with wiring and connectors. never
pull on the wires to separate the connectors. This can
create an intermittent contact and an intermittent
problem that may be very difficult to find later. When

required, always use the special tools designed for
separating connectors.

Never reroute wires when making repairs. Re-
routing wires can result in induced voltages in nearby
components. These stray voltages can interfere with
the function of electronic circuits.

Dielectric grease is used to moistureproof and
protect connections from corrosion. Some car manu-
facturers suggest using petroleum jelly to protect
connection points.
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P8-7 Place the correct size and
length of heat shrink tube over the
two ends of the wire.

P8-10 Heat the splice clip with
the soldering iron while applying

P8-8 Overlap the two splice
ends and center the splice clip
around the wires, making sure the

wires extend beyond the splice clip
in both directions.

P8-11
slide the heat shrink tube over the

After the solder cools,

P8-9 Crimp the splice clip firmly
in place.

P8—-12 Heat the tube with the hot
air gun until it shrinks around the

solder to the opening of the clip.
Do not apply solder to the iron. The
iron should be 180 degrees away
from the opening of the clip.

splice.

TaLaE

ELECTROMAGNETISM BASICS

Electricity and magnetism are related. One can be
used to create the other. Current flowing through a
wire creates a magnetic field around the wire. Moving
a wire through a magnetic field creates current flow
in the wire.

Many automotive components, such as alterna-
tors, ignition coils, starter solenoids, and magnetic
pulse generators operate using these principles of
electromagnetism.

Fundamentals of Magnetism
A substance is said to be a magnet if it has the prop-
erty of magnetism—the ability to attract such sub-

splice. Do not overheat the heat
shrink tube

stances as iron, steel, nickel, or cobalt. These are
called magnetic materials.

A magnet has two points of maximum attraction,
one at each end of the magnet. These points are
called poles, with one being designated the North
pole and the other the South pole (Figure 14-63A).
When two magnets are brought together, opposite
poles attract (Figure 14-63B), while similar poles
repel each other (Figure 14-63C).

A magnetic field, called a flux field (Figure
14-64), exists around every magnet. The field con-
sists of imaginary lines along which the magnetic
force acts. These lines emerge from the North pole
and enter the South pole, returning to the North pole



356 Section 3 ELECTRICITY

FIGURE 14-63
-om the North pole and travel to the South pole before pass-
.ng through the magnet back to the North pole. (B) Unlike
poles attract, while (C) similar poles repel each other.

(A) In a magnet, lines of force emerge

through the magnet itself. All lines of force leave the
magnet at right angles to the magnet. None of the
lines cross each other. All lines are complete.

Magnets can occur naturally in the form of a min-
eral called magnetite. Artificial magnets can also be
made by inserting a bar of magnetic material inside a
coil of insulated wire and passing direct current
through the coil. This principle is very important in
understanding certain automotive electrical compo-
nents. Another way of creating a magnet is by strok-
ing the magnetic material with a bar magnet. Both
methods force the randomly arranged molecules of
the magnetic material to align themselves along
North and South poles (Figure 14-65).

Artificial magnets can be either temporary or per-
manent. Temporary magnets are usually made of soft
iron. They are easy to magnetize but quickly lose
their magnetism when the magnetizing force is re-
moved. Permanent magnets are difficult to magne-
tize. However. once magnetized they retain this prop-

rty for very long periods.

The earth is a very large magnet, having a North
and South pole. with lines of magnetic force running
between them. This is why a compass always aligns
itself to straight north and south.

FIGURE 14-64 Iron filings show the lines of magnetic flux.
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FIGURE 14-65 Molecular arrangement of unmagnetized
and magnetized iron.

In 1820, a simple experiment discovered the exis-
tence of a magnetic field around a current-carrying
wire. When a compass was held over the wire, its
needle aligned itself at right angles to the wire
(Figure 14-66). The lines of magnetic force are con-
centric circles around the wire. The density of these
circular lines of force is very heavy near the wire and
decreases farther away from the wire. As is also
shown in the same figure, the polarity of a current-
carrying wire’s magnetic field changes depending on
the direction the current is flowing through the wire.

Remember, these magnetic lines of force or flux
lines do not move or flow around the wire. They sim-
ply have a direction as shown by their effect on a
compass needle. These lines of force are always at
right angles to the conducting wire.

FIGURE 1466 When current is passed through a conduc-
tor such as wire, magnetic lines of force are generated around
the wire at right angles to the direction of the current flow.
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MAGNETIC FIELDS ADD TOGETHER.
FIGURE 14-67 Increasing the number of conductors car-

rying current in the same direction increases the strength of
the magnetic field around them.

FLUX DENSITY The more flux lines, the stronger
the magnetic field at that point. Increasing current will
increase flux density. Also, two conducting wires lying
side by side carrying equal currents in the same direc-
tion create a magnetic field equal in strength to one
conductor carrying twice the current. Adding more
wires also increases the magnetic field (Figure 14-67).

COILS Looping a wire into a coil concentrates the
lines of force inside the coil. The resulting magnetic
field is the sum of all the single-loop magnetic fields
added together (Figure 14-68). The overall effect is
the same as placing many wires side by side, each
carrying current in the same direction.

Magnetic Circuits and Reluctance
Just as current can only flow through a complete cir-
cuit, the lines of flux created by a magnet can only
occupy a closed magnetic circuit. The resistance that
a magnetic circuit offers to a line of flux is called
reluctance. Magnetic reluctance can be compared to
electrical resistance.

Reconsider the coil of wire shown in Figure
14-68. The air inside the coil has very high reluc-
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FIGURE 14-68 (A) Forming a wire loop concentrates the

lines of force inside the loop. (B) The magnetic field of a wire
coil is the sum of all the single-loop magnetic fields.
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FIGURE 1469 Placing a soft iron core inside a coil greatly
reduces the reluctance of the coil and creates a usable elec-
tromagnet.

tance and limits the magnetic strength produced.
However, if an iron core is placed inside the coil,
magnetic strength increases tremendously. This is
because the iron core has a very low reluctance
(Figure 14-69).

When a coil is wound around an iron core in this
manner, it becomes a usable electromagnet. The
strength of the magnetic poles in an electromagnet is
directly proportional to the number of turns of wire
and the current flowing through them.

The equation for an electromagnetic circuit is
similar to Ohm’s law for electrical circuits. It states
that the number of magnetic lines is proportional to
the ampere-turns divided by the reluctance. To sum-
marize:

¢ Field strength increases if current through the coil
increases.

¢ Field strength increases if the number of coil turns
increases.

# If reluctance increases, field strength decreases.

Induced Voltage

Now that we have explained how current can be used
to generate a magnetic field, it is time to examine the
opposite effect of how magnetic fields can produce
electricity.

Figure 14-70 shows a straight piece of wire with
the terminals of a voltmeter attached to both ends. If
the wire is moved across a magnetic field, the volt-
meter registers a small voltage reading. A voltage has
been induced in the wire.

CONDUCTOR MOVEMENT

4

VOLTMETER
READS VOLTAGE.

Moving a conductor so it cuts across the

FIGURE 14-70

magnetic lines of force induces a voltage in the conductor.
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FIGURE 14-71 The polarity of the induced voltage
depends on the direction in which the conductor moves as it
cuts across the magnetic field.

It is important to realize that the wire must cut
across the flux lines to induce a voltage. Moving the
wire parallel to the lines of flux does not induce volt-
age.

Voltage can also be induced by holding the wire
still and moving the magnetic field at right angles to
the wire. This is the exact setup used in a vehicle’s
alternator. A magnetic field is made to cut across sta-
tionary conductors to produce voltage.

The wire becomes a source of electricity and has
a polarity or distinct positive and negative end. How-
ever, this polarity can be switched depending on the
relative direction of movement between the wire and
magnetic field (Figure 14-71). This is why charging
devices produce alternating current.

The amount of voltage that is induced depends
on four factors.

¢ The stronger the magnetic field, the stronger the
induced voltage.

¢ The faster the field is being cut, the more lines of
flux are cut and the stronger the voltage induced.

¢ The greater the number of conductors, the greater
the voltage induced.

¢ The closer the conductor(s) and magnetic field
are to right angles (perpendicular) to one another,
the greater the induced voltage.

The importance of electromagnetism and induced
voltage is clearly seen in chapters dealing with start-
ing, charging, ignition, and electronic control systems.

KEY TERMS

AWG Continuity

Blade fuse Dielectric
Capacitor Electromagnetism

Fixed value resistors
Flux density

Cartridge fuse
Ceramic fuse

Circuit breaker Flux field
Closed circuit Fusible link
Conductor Ganged

Ground wire
Grounding
High-tension cable
In-line fuse
Insulator
Magnet
Maxi-fuse
MPMT
Normally closed
Normally open
Ohm’s law
Open circuit

Schematic
Sensor

Series circuit
Series-parallel circuit
Solenoid

Solid wire
Spade fuse
SPDT

SPST

Stepped resistor
Stranded wire
Tapped resistor

Parallel circuit Thermistor
Poles Throw
Potentiometer Trimmer

Relay Variable resistor
Reluctance Voltage drop
Resistor wire Voltage limiter
Rheostat ’

SUMMARY

¢ For electrical flow to occur there must be an excess
of electrons in one place, a lack of electrons in
another, and a path between the two places.

¢ Voltage is the force or pressure in an electrical cir-
cuit. A voltage drop across a load in a circuit indi-
cates that work is being done.

¢ Current is measured in amps. This is a measure-
ment of the actual flow rate of electrons in an
electrical circuit.

¢ Resistance is measured in ohms. This is a mea-
surement of the size of the restriction to current
flow. The more resistance there is, the less current
will be able flow through the circuit.

¢ The mathematical relationship between current,
resistance, and voltage is expressed in Ohm’s law,
E = IR, where voltage is measured in volts, cur-
rent in amperes, and resistance in ohms.

¢ The mathematical relationship between current,
voltage, and power is expressed in Watt’s law, P =
E x I. Power is measured in watts or kilowatts
(1,000 watts).

¢ Three basic types of circuits are used in automo-
bile wiring systems: series circuits, parallel cir-
cuits, and series-parallel circuits.

# Electrical schematics are diagrams with electrical
symbols that show the parts and how electrical
current flows through the vehicle’s electrical cir-
cuits. They are used in troubleshooting.

¢ An open circuit does not have a complete path for
the current to flow through. A shorted circuit is
one that allows current to flow along an unwant-
ed path. A high-resistance problem in a circuit
decreases the power available for the load.
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¢ The strength of an electromagnet depends on the
number of current-carrying conductors and what
is in the core of the coil. Inducing a voltage re-
quires a magnetic field producing lines of force,
conductors that can be moved, and movement
between the conductors and the magnetic field so

the lines of force are cut.

10.
11.

What is the name for the formula E =1 x R?
In a series circuit, resistance is always .

What kind of diagram is used to troubleshoot an
electrical circuit?

An ammeter is always connected with the
circuit, while a voltmeter is connected in
with the circuit.

Variable capacitors are called .

What is the process called in which a conductor
cuts across a magnetic field and produces a volt-
age?

What happens in an electrical circuit when the
resistance increases?

What is the difference between voltage and cur-
rent? '

What kind of solder is used to repair electrical
wiring?
What is an SPST switch?

For electrical flow to occur, which of the follow-
ing must be present?

a. adifference in the quantity of electrons
between two places

b. a path between two places

c. abattery .

d. bothaand b

Fuses, fuse links, maxi-fuses, and circuit breakers
protect circuits against overloads. Switches control
on/off and direct current flow in a circuit. A relay
is an electric switch. A solenoid is an electromag-
netic switch that translates current flow into
mechanical movement. Resistors limit current
flow. ‘

12. Technician A says magnetism is a source of elec-

trical energy in an automobile. Technician B says
chemical reaction is a source of electrical energy
in an automobile. Who is correct?

c. BothAandB
d. Neither A nor B

a. Technician A
b. Technician B

13. Which of the following is not a circuit-protection

device?

c. a mini-fuse
d. a maxi-fuse

a. afuse
b. a fusible link

14. Technician A uses a test light to detect resistance.

Technician B uses a jumper wire to test circuit
breakers, relays, and lights. Who is correct?

a. Technician A c. Both Aand B
b. Technician B d. Neither A nor B

15. Which type of resistor is commonly used in auto-

motive circuits?

¢. variable
d. all of the above

a. fixed valve
b. stepped

16. Technician A says the cross-sectional area in cir-

cular mms of a solid wire must be calculated to
find its gauge. Technician B says the smaller the
gauge number, the heavier the wire. Who is cor-
rect?

c. BothAandB
d. Neither A nor B

a. Technician A
b. Technician B

17. What is the current in a 12-volt circuit with two

6-ohm resistors connected in parallel?

a. 2 amps
b. 4 amps

c. 6 amps
d. 12 amps
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18.

19.

While discussing a 12-volt circuit with three
resistors (a 3-ohm, a 6-ohm, and a 2-ohm) in
parallel: Technician A says the total resistance of
the circuit is 1 ohm. Technician B says the cur-
rent flow through the 6-ohm resistor is 12-amps.
Who is correct?

a. Technician A ¢. Both A and B
b. Technician B d. Neither A nor B

Which of the following statements is untrue?

a. A short causes increased current flow.
b. An open causes unwanted voltage drops.

20.

c. High-resistance problems cause increased
current flow.

d. Both opens and high-resistance problems
may cause a load not to work.

Technician A says a 12-volt light bulb that draws
12 amps has a power output of 1 watt.
Technician B says a motor that has 1 ohm of
resistance has a power rating of 144 watts if it is
connected to a 12-volt battery. Who is correct?

a. Technician A c. BothAand B
b. Technician B d. Neither A nor B



